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ABSTRACT n 
The distribution of outgoing terrestrial radiation within the 8-  to 12- 

micron band, over North Africa, is presented together ~ i t h  the patter2 of reflected 

solar radiation. The analyses are based on data from analog traces of the five- 

channel medium resolution scanning radiometer on TIROS 111. The data which have 

been used are obtained from measurements made under conditions favorable to the 

angular resolution of the radiometer, which changes as the satellite spins and pro- 

gresses along its path; and a pattern of differential heating over the deser t  area was 

observed. 

Calculations of the rate of reflectance over the Sahara deser t  have 

been made and the values obtained over the sand dunes, about 23 percent, appear 

to be realistic. These radiation data have also been used in a study of the aniso- 

t r o p i c  nature of scattered radiation; the results of this approach indicate the ability 

of the satellite to give valuable measurements in the study of scattering properties 

of the atmosphere. 
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I .  INTRODUCTION 

The five -channel radiometers carr ied by the meteorological satellites 

(TIROS 11, 111, and IV) are scanning radiometers of medium resolution, Since the 

radiometer views the earth at different nadir angles, their resolution power varies as 

the satellite spins and progresses along its pass.  In order  to ca r ry  out research on 

physical interpretation of the radiation data obtained from the radiometer, it is neces- 

sa ry  to determine the scanned areas where the resolution of the radiometer meets the 

standards required for our masurements .  

In this paper, a satellite pass over Africa (R/O 101, 19 July 1961) has 

been selected for a detailed and careful analysis of the radiation data from Channels 2 

and 3, which range from 8 to 12 microns and 0.25 to 6 microns respectively. On its 

pass,  the satellite's radiometer scanned the Sahara desert ,  the semi-arid areas and the 

tropical wet areas near the equator, and the tropical wet and dry  areas south of the equa 

tor at favorable nadir angles of view. The two synoptic patterns presented in Section I1 

are derived from the satellite's radiation measurements over these regions, and they 

may give some information about the angular resolution of the radiometer; however, de-  

tails  in the structure of the synoptic pattern, which are significantly interpreted, are 

obtained by means of the precise rectification technique developed by Fujita (1963). The 

synoptic maps of terrestr ia l  and reflected solar radiation show very clearly both a zone 

of intertropical convergence and a pattern of differential heating over the Sahara desert .  
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11. ANALYSIS OF TERRESTRIAL AND REFLECTED SOLAR RADIATION 

The terrestr ia l  upward radiation detected by the satellite's sensor is the 

energy filtered through the 8-  to 12-micron Channel 2. Instrumental response may be con- 

verted into units of watts per  square meter which expresses the filtered outgoing flux of 

isotropic radiation, and, i f  the value is denoted by w , we may write 

?J 

where w is expressed as a filtered blackbody radiation. Tables from NASA (1962) are 

provided to convert the 

of the optical characteristics of the radiometer, correction has to be applied. The black- 

body temperatures from Channel 2 measurements will approximate the surface o r  cloud 

top temperatures, Deviations appear for various reasons of which absorption within the 

spectral region of the channel may be the main one. A synoptic map of upward radiation 

as measured by the satellite on its pass over the north African continent on 19 July 1961 

is shown in Fig. 1 .  

into equivalent blackbody temperature; but, due to changes 

This analysis was actually used for the evaluation of limb darkening by 

Larsen, Fujita, and Fletcher ( 2963 ) ;  however, it is shown here because some inter- 

esting features appeared due to the favorable resolution of the radiometer over these 

areas, On the map we find regions of extremely high values of outgoing radiation e 

They correspond to equivalent blackbody temperatures of about 38C to 40C, and coin- 

cide generally with those of the mountain areas in the Sahara. The temperatures mea- 

sured over the sand dunes also show high values, but they usually range about five de- 

grees lower. W e  see then, that an unexpected pattern of differential heating has been 

derived from satellite radiation measurements. 

The upward reflected and scattered solar radiation is measured through 

Channel 3 ( 0. 25 to 6 microns), and the synoptic map shown in Fig. 2 is derived from 

such measurements. The scanned area is exactly the same as the previous one, and the 

values given in this case are also filtered flux values in watts per square meter ,  The 

mountain and the sand dune areas are indicated on the map where we find high values of 

reflected radiative energy over the sand dunes and lower over the mountains. This is a 
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pattern differerj from that obtained by Channel 2 measurements of terrestr ia l  heat radia- 

tion and a consequence of the difference in reflectivity within the wave lengths of Channel 3 

spectral response. 

These two maps shown in Figs. 1 and 2 give examples of the details one is 

able to detect i f  favorable conditions exist and a precise rectification technique is applied 

to the radiation data. I n  fact, to a certain extent we could map the sand dunes from Chan- 

nel 3 measurements, 

Farther south on the same maps, within the zone of intertropical conver- 

gence, we find very high values of reflected solar radiation and low values of terrestr ia l  

radiation. Within this a rea ,  showers and thunderstorms are reported; the spreading out 

of anvils from cumulonimbi into large areas of strato-formed c i r rus  probably accounts 

for the high values measured. A further examination using the topographic maps indi- 

cates that such large clouds with very great reflectivity do not exist over the region of 

high mountains. 

111. REFLECTANCE 

- 
When the radiometer response is converted into flux values w 

where 

0 

an assumption about isotropic radiation can be made. However, the intensity of the ra- 

diation is implicit in a radiometer measurement, and in cases of isotropic radiation, 

the actual value would be 

of the intensity of the radiation in the measured direction, If we now take the ratio be- 

tween the reflected energy ( 

face, ( W m  COS 5, ) both filtered flux values, this ratio ( w / W  cos 5 , )  , where 5 ,  
denotes the solar zenith angle, will be a measure of the reflectance reduced from one par -  

ticular direction of observation by a satellite. The reflectance would be a characteristic 

of the reflecting surface itself. However, due to the influence of the atmosphere the mea- 

sured ~ / ~ “ c o s ( , , w o u l d  depend on the direction of observation even though a perfectly 

- 
W/* 

; therefore, we may use  the values as a measure 

) and the incoming solar radiation upon the horizontal s u r -  
--m 
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diffuse reflector is considered. 

1 / ~  @$%s[, would be a differential reflectance; and, when this is integrated over 

all directions, an apparent reflectance is obtained. 

Dimensionally and numerically a measured value of 

Calculations have been made and a synoptic map has been obtained from the 

values of  COS[^ 100. The values obtained over the sand dunes, 22 and 23 per  cent, 

appear to be realistic values. The map is shown in Fig. 3 .  

In some cases the assumption of isotropic radiation may be a good approxi- 

mation, hut this is not always so .  

lected in an attempt to learn if  the satellite has the ability to indicate an anisotropy in the 

reflected and scattered radiation according to the laws governing molecular and non- molecu- 

lar scattering of light, This  attempt is described in the next section. 

Several satellite measurements have been carefully se- 

IV. OBSERVED ANEOTROPY OF REFLECTED AND SCATTERED 

RADIATION FROM CHANNEL 3 MEASUREMENT'S 

When incident solar radiation is reflected upward, this radiation is isotro - 

pic i f  the reflecting surface is a perfectly diffuse reflector. The earth 's  surface is not a 

perfectly diffuse reflector; furthermore the light scattered from the atmosphere also be- 

comes part of the total energy measured by the radiometer. 

channel ( 0. 25 to 6 microns), and both molecular and large particle scattering will con- 

tribute to the total amount of scattered and reflected light. In the case where the satel - 
lite scans clouds, the physical interpretation of the actual radiometer response represents 

a complex optical problem, and one would certainly not expect the upward radiation to be 

isotropic. 

Channel 3 is a very broad 

As  a consequence of the TIROS satellite scan geometry, we are able to  make 

two measurements (spanning a period of about ten minutes) of the upward radiation origi- 

nating in a particular area. Usually such an area is viewed by the satellite at different ze.- 

nith angles, but in order  to keep constant some of the variable parameters which influence 

our measurements, we \select scan spots where the satellite has the same zenith angle in 

its two different positions. Thus the path length for the upward radiation through the atmos- 

phere will be the same; and, since the two measurements are taken within a t ime interval 
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of a few minutes, the sun's zenith angle will be the same. By this selection, we are deal - 

ing with a pair  of measurements where the back scattering angle ( angle between the inei-  

dent and outgoing beam ) is different, but the other conditions remain the same.  The geo - 

metry for such measurements, where the back scattering angle is the only parameter that 

varies,  is shown in Fig, 4 . 
On a base map, the positions of the scan spots fulfilling the condition of 

equal zenith angles were found on a line between 5S, 43E, and 14S, 30E. The area enclosing 

this line is scanned twice by the satellite: f irst  by the initial scans and then by the comple- 

mental scans.  The radiation data ( f rom Channel 3 )  were analysed, and two separate sy-  

noptic maps of the reflected and scattered radiation were obtained from the same area. 

Along the line of equal zenith angles, the values of outgoing radiation were found from each 

of the two synoptic maps, and a cross section was constructed as shown in Fig. 5. 

The scattering angles ( o r  back scattering angles) were found by construc- 

tion, using a method developed by Fujita, and the values are indicated on the c ross  sec-  

tion diagram and denoted by 

lite vertical and the scattered beam ( TSC - SAT - TSP on Fig. 4) will not be in the 

local vertical sun plane through the scan spot. This will make an interpretation of the mea- 

surements more complex because the phenomenon i g  not axially symmetric due to the higher 

order  of scattering. In our case we are not too far distant from the sun's vertical plane 

and some simple remarks will be made about these measurements, 

+' and t', In these measurements, the plane of the satel-  
I 

As  a consequence of the geometry of the space-oriented TIROS satellite, its 

scanning radiometer should never measure the forward scattering peak o r  the direct back 

scattering. Measurements made in the initial scans are, in this case, taken in a direction 

near the backward scattering point; and those from the complemental scan will be farther 

away from it ( y' < ) *  

From Dermendjian's work (1962 ) one would expect higher values from the 

initial scans, and the effect shown in the cross section is therefore encouraging, expecial- 

ly if one looks at the western part  of it.  Probably there are no bright clouds over this part  

of the measured area, and a 17 percent increase in radiated energy is caused by the change 

in contributed scattered radiation. 
1 In the eastern part of the scanned area, cumulus clouds appear; perhaps the 

main effect will be that the satellite first scans the sunlit part of the clouds. Then those 
I 

1 
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parts of the clouds in the shadow are scanned. Nevertheless, such measurements over 

cloud covered areas would be more valuable if  cloud pictures are taken at  the same time. 

In our case no photographs were taken, 

This approach may be valuable in tha,t the results indicate the ability of 

satellite measurements to detect anisotropy in scattered radiation. However, additional 

information about the conditions in the scattering atmosphere are needed; and several simi- 

l a r  cases  should be studied before any general physical interpretation involving scattering 

processes is made m the bssis of s~.tc!li:e measurements, 
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Fig. 2. Synoptic map of ref leded and scattered solar radiation based on satellite 
measurements in the 0.25 to 6 micron region. 
clouds within the zone of intertropical convergence. 

Very high values a r e  observed from 
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f t r 
MEDITERRANEAN SEA 
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Fig. 3. Spoptic  l?lql ef 
reflectance expressed as per- 
cent reflected radiative energy. 

Fig. 4. The geometry in situations 
where scattered radiation, originating with- 
in the same area,  reaches the satellite in 
its two positions at the same zenith angles 
as the scattering angles are different. No- 
tation; TSS: Terrestrial Sub Solar point. 
SR: Sun Ray. TSC: Terrestrial Scan Spot. 
SAT: Satellite. 
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I Fig. 5. Observed change in amount of outgoing scattered radiation. The IS-curve 
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curve represents values of radiation scattered at  large back- scattering angles, I 
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